lesions also led to studies designed to determine the impact of nasal airflow on regional dosimetry of formaldehyde through the application of computational fluid dynamics (22). This work. resulting from the generation of simple maps of lesion location, therefore yielded insight into mechanisms of formaldehyde toxicity. Use of the diagrams provided here will make such mapping approaches more readily available as a result of bypassing the process of nasal diagram generation. which is both complex and time-consuming.
Recording lesion distribution is only the first step in the process of identifying patterns of nasal toxicity. Nasal lesion distribution is generally attributable to regional tissue dose and/or local tissue susceptibility (33). A great deal remains to be learned about the interplay of these factors, their relative influence on the location and severity of lesions in specific regions of the nose of rodents, and the relevance of such responses to human risk assessment.
It appears that nasal airflow-driven local dose of certain highly reactive and water-soluble compounds accounts for the distribution of lesions induced by chemicals such as formaldehyde (22). However, airflow is probably not a major factor in the distribution of nasal lesions induced by many other chemicals, such as ozone (22), methyl bromide (17), chloroform (26), 4'-{~'V-methyl-N-nitrt~samino)-1 -(3 -pyridyl)-I -butanone (2) , and 3-methylfuran (37), and other factors need to be considered.
Locally high nasal deposition of inhaled xenobiotics may also occur via the vascular supply for systemically delivered chemicals (36), but beyond estimates of overall nasal blood perfusion rates (40), little is known about regional blood perfusion and its influence on nasal dosimetry of chemicals in rodents or other species. Nasal lesions may also occur in specific sites as a consequence of locally generated toxic metabolites because of the high metabolic capacity of the nasal airway mucosa (3, 7). It is evident that much remains to be learned about the roles of dosimetry and tissue susceptibility in toxic responses to xenobiotics in the nose. For human risk assessment, there is also a need for further understanding of the relevance of interspecies differences in nasal anatomy. physialogy. and biochemistry that influence tissue dosimetry and tissue susceptibility. It is to be hoped that information gained from the mapping procedures outlined in this article will contribute to such understanding. gan KT (1994). Histopathology and cell replication responses in the respiratory tract of rats and mice exposed by inhalation to glutaraldehyde for up to thirteen weeks. Fundam. Appl. Toxicol. (in press). 11. Gross EA. Patterson DL. and Morgan KT (1987) .
Effects of acute and chronic dimethylamine exposure on the nasal mucociliary apparatus. of F-344 rats. (14, 15 ). N-nitroso-I~i~(2-oxopropyl~amine has been shown to have low carcinogenicity toward the renal pelvic epithelium in Sprague-Dawley (SD) rats (19) . N-methyl-N-nitrosourea also induced low incidences of renal pelvic carcinomas in ACI/N rats but not in Fischer-344 (F-344) rats (22); however, these carcinogens induced many types of carcinomas in other organs in addition to urinary tract organs. In addition, renal pelvic carcinomas have been found in a few SD rats given A~-[4-(5-nitro-2furyl)-2-thiazolyl]fbrmamide (5, 8) . Thus. these carcinogens may be inappropriate as an experimental animal model for renal pelvic carcinomas.
ArtinciaIIy produced stagnation of urine now in the renal pelvis has resulted in carcinogenic activity in the renal pelvis as well as in the urinary bladder (2, 3, 16) . Evidence has suggested that exposure of the renal pelvic epithelium to urinary bladder carcinogens results from stagnation of urine secondary to hydronephrosis.
The SO/cShi strain of rats has nearly a 100% incidence of spontaneous bilateral hydronephrosis and hydroureter. This strain was derived from SD rats (30) that were supplied to :~burahi Laboratories of Shionogi in 1961 1 bv Charles River Breeding Laboratory in the United States. and 3 inbred substrains have been established by full~sib maltings. One of the substrains is the SD cShi strain: the other Two substrains are SD eShi and SD gShi. duo not have spontaneous hydronephrosis or hydroureter.
We evaluated whether SD cShi rats have susceptibility for S-butyl-S-( 4-hydroxybutyl)nitrosamine (~3B''~'~-induced renal pelvic and ureteral carcinogenesis. The results suggest that the SD cshi rat-indeed. provides a suitable animal model for renal pelvic and ureteral carcinogenesis. MATERIALS AND METHODS BBN (Tokyo Kasei Kogyo Co., Ltd., Tokyo) was used as the carcinogen. Thirty-one male and 33 female SD/cShi and 6 male and 5 female SD/gShi rats, 4 wk old, were obtained from Aburahi Laboratories of Shionogi. Twelve male F-344/DuCrj (F-344), 12 male LEW/Crj (Lewis) and 30 male and 30 female Crj:CD (CD) rats, 5 wk old, were purchased from Charles River Japan, Inc., Shiga, Japan. SD/cShi rats alone have hereditary bilateral hydronephrosis associated with hydroureter. All rats were kept in quarantine for 1 or 2 wk, during which time they were fed a CA-1 diet (Japan Clea Co., Ltd., Osaka, Japan). They were housed 2 rats per plastic cage (Clean 103, Japan Clea, Ltd., Osaka) with wood chips for bedding in a room maintained on a 12-hr (0700-1900 hours) light-dark cycle, at constant temperature, 25 ± 1 °C, and relative humidity, 55 ± 5%. The rats were observed daily. Body weights were measured every other week from the start to the end of the experiment. The amount of water consumed during 2 consecutive days of a week was measured on a per-cage basis from the beginning to the end of BBN treatment.
At 6 wk of age, the rats were used for the following 2 experiments. In Experiment 1, 20 SD/cShi males (Group 1), 12 SD/cShi females (Group 2), 6 SD/ gShi males (Group 3), 5 SD/gShi females (Group 4), 12 F-344 males (Group 5), and 12 Lewis males (Group 6) were given drinking water with 0.05% BBN by volume for 12 wk (Table I) . Between 12 and 22 wk, all rats were given drinking water without added carcinogens. At the end of the experiment, blood from all rats was obtained from the abdominal aorta under sodium pentobarbital anesthesia (Pitman-Moore, Inc., Washington, New Jersey), and all rats were then sacrificed by exsanguination for pathological examination.
In Experiment 2, 19 SD/cShi males (Group 1), 10 SD/cShi males (Group 2), 20 SD/cShi females (Group 3), 10 SD/cShi females (Group 4), 20 CD males (Group 5), 10 CD males (Group 6), 20 CD females (Group 7), and 10 CD females (Group 8) were given drinking water with 0.05% BBN by volume for 20 wk (Table I) . At experimental weeks 12, 16, and 20, urinalyses for hematuria were performed. Fresh urine samples were obtained by forced urination in the morning (0900-1000 hours). At the end of the expe~°i~nent. rats were sacrificed by the same method of Experiment 1. Blood samples were used for chemical examination of the following items: glutamate-oxaloacetate transaminase (EC 2.6.1.1 ), lactate dehydrogenase (EC 1.1.1.27), blood urea nitrogen, and creatinine, measured by an Auto Analyzer HITACHI Model 716 (Tokyo).
For histopathological examination, the urinary bladders, ureters, and kidneys were inflated with 10% phosphate-buffered formalin by intraluminal injection. These organs, as well as livers and testes, were removed and fixed in 10% phosphate-buffered formalin. The kidneys, ureters, and urinary bladders were divided into 10 (5 from left, 5 from right), 6 (3 from left, 3 from right), and 12 slices, respectively. They were embedded in paraf~n, and sections were stained with hematoxylin and eosin for light microscopic examination. Tumors in the urinary bladders were histopathologically classified as described elsewhere (9, 10) into 2 categories: papillomas and carcinomas. These categories were also applied to epithelial lesions of the renal pelvises and ureters. Distribution of the tumors (papillomas and/or carcinomas) in the renal pelvises, ureters, and urinary bladders were classified into the following categories : (A) unilateral renal pelvic or ureteral tumors alone; (B) unilateral renal pelvic and/or ureteral tumors and urinary bladder tumors; (C) bilateral renal pelvic and/or ureteral tumors and urinary bladder tumors; and (D) urinary bladder tumors alone, as modified from previously described categories (1, 24, 26) .
Statistical analyses of incidences of histopathological lesions were performed using Fisher's exact probability test. Other data were evaluated by analysis of variance (6, 31 ). Table I shows the data on survival, BBN intake, body weights, and incidences of hydronephrosis. Three SD/cShi male rats given BBN (Group 1) died because of renal pelvic carcinomas during experimental weeks 21 and 22. The other rats all survived until the end of the experiment. Daily intake of BBN in Groups 1-4 was greater than that in Groups 5 and 6. The body weight gain was greatest in male SD/cShi and Lewis rats (Groups 1 and 6), midway in male SD/gShi and F-344 rats (Groups 3 and 5), and least in female SD/cShi and SD/gShi rats (Groups 2 and 4). Groups 1 and 2 had a 100% incidence of bilateral hydronephrosis associated with hydroureter. Macroscopically, Group 1 had small to large tumors in the renal pelvises, ureters, and urinary bladders (Fig. 1 ). Group 2 also had small tumors in these organs. These tumors had mainly a papillary growth pattern. Groups 3-6 had urinary bladder tumors TABLE 1.&horbar;Survival, BBN intake, body weight, and incidence oi hj dronephrosis. only. No rats had urolithiasis in any of the groups. Group 3 alone had smaller testes than Groups l , 5, and 6 (data not shown). [2] [3] [4] ; only low incidences ofsquamous cell carcinomas (SCCs) were observed. Groups 1 and 2 had bilateral or unilateral carcinomas in both organs. Group 1 showed higher incidences of renal pelvic papillomas and carcinomas than Group 2, and Group 1 had larger numbers of renal pelvic carcinomas than Group 2. Group 1 also had a higher incidence and larger numbers of ureteral carcinomas compared to Group 2. In Group l , the ureters showed the same incidence of carcinomas compared to the renal pelvises, while, in Group 2, the ureters showed somewhat lower incidences of carcinomas compared to the renal pelvises. Groups 1 and 2 had smaller numbers of ureteral carcinomas than renal pelvic carcinomas. The other strains had no tumors in the renal pelvises or ureters. One male and 3 female SD/cShi rats (Groups 1 and 2) had unilateral nephroblastomas. Table III indicates the incidences of urinary bladder tumors. All urinary bladder carcinomas in Groups 1-6 were TCCs. Groups 1 and 5 had the highest incidences of carcinomas. Groups 2 and 6 were midway, and Groups 3 and 4 were lowest. The order of numbers of urinary bladder carcinomas was as follows: Group 5 > Group I > Group 6 > Group 2 > Groups 3 and 4. A similar trend was observed in the incidences of papillomas. Table IV indicates hypospermatogenesis with bilateral atrophy of the seminiferous tubules. All rats in all groups showed normal histology of the liver, and blood levels of glutamate-oxaloacetate transaminase, lactate dehydrogenase, blood urea nitrogen, and creatinine showed little difference among Groups 1-6. Survival, BBN intake, body weights, and incidences of hydronephrosis are shown in Table I . A nontreated SD/cShi male rat (Group 2) died because of acute prostatitis associated with hematuria at experimental week 20. The other rats survived until the end of the experiment. Male SD/cShi rats given BBN (Group 1) consumed smaller daily amounts of 
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Experiment 1
BBN compared to female SD/cShi rats (Group 3).
A similar phenomenon occurred between male and female CD rats (Groups 5 and 7). There was little difference in body weight gain between BBN-treated and intact rats (Group I vs 2, 3 vs 4, 5 vs 6, and 7 vs 8). Groups 1-4 had nearly a 100% incidence of bilateral hydronephrosis associated with hydroureter. No rats had urolithiasis in any groups. During experimental weeks 16-20. administration of BBN increased the incidences of hematuria in Groups 1, 3, and 5. Table II indicates the histopathological lesions of the epithelium in the renal pelvises and ureters. Groups 1 and 3 had renal pelvic and ureteral tumors, whereas Groups 2. 4, and 5-8 did not. Both organs of Groups I and 3 had high incidences of TCC and low incidences of SCC. In the renal pelvises. Groups I and 3 had 100% (19/19) and 62% (13/21) incidences of carcinomas, respectively., and, of rats bearing tumors, Group I had larger numbers of carcinomas than Group 3. Groups I and 3 showed nearly 100% incidences of renal pelvic papillomas. In the ureters, Groups I and 3 had 79% (15 19) and 76% (16/21) incidences of carcinomas. respectively. Categories: A = rats had unilateral tumors In renal ~_~~~ or tL.'<.'ler but no urinar) bladder tumors: B &horbar; rats had unilateral tumen 111 renal peh-u and ureter and &dquo;,,&dquo;1oar. bladder tumors: C = rats had ~~ r~c~~ in renal pelvis and or ureter and urinary bladder tumors, D = rats had urinary bladder tumors only. Group 1 had twice as many ureteral carcinomas as Group 3. Groups 1 and 3 together had fewer ureteral carcinomas than renal pelvic carcinomas. A rat in Group 3 had a unilateral nephroblastoma in the left kidney. Table III lists incidences of urinary bladder tumors. Groups 1, 3, 5, and 7 had 95, 14, 100, and 45% incidences of carcinomas, respectively. A similar trend was observed in numbers of carcinomas per rat bearing tumors for these groups. Table IV lists the distributions by histopathological category (A-D) in male and female SD/cShi rats given BBN (Groups 1 and 3) . Group 1 had 0, 21, 79, and 0% incidences in Categories A-D, respectively. A similar trend was observed in Group 2.
DISCUSSION
Of greatest interest in the present investigation was the observation that SD/cShi rats of both sexes had a high susceptibility to renal pelvic and ureteral carcinogenesis following treatment with BBN. These results suggest that SD/cShi rats administered BBN could serve as a suitable experimental model for these diseases. In contrast, SD/gShi, CD, F-344, and Lewis strains of rats were not susceptible to cancer induction in these organs. SD/cShi male and female rats had nearly 100% incidences of hereditary bilateral hydronephrosis associated with hydroureter. The other strains of rats had normal renal pelvises and ureters. This suggested a relationship between renal pelvic carcinogenesis by BBN and the stagnation of urine flow in hydronephrosis. The relationship is consistent with a previous report using unilateral ureter-ligated Wistar male rats (16). Moreover, BBN-induced renal pelvic carcinogenesis was found in NON/Shi male mice to have unilateral spontaneous hydronephrosis (24-26). These results clearly indicate that urine stagnation secondary to hydronephrosis and hydroureter is an important factor in renal pelvic and ureteral carcinogenesis.
The second interesting finding in the present work was that male SD/cShi rats had nearly 1.5-2 times higher incidences and larger numbers of renal pelvic and ureteral carcinomas induced by BBN than female SD/cShi rats. Epidemiological data have previously shown that men also have nearly 2 times as high an incidence of renal pelvic and ureteral carcinomas as women (8, 32). Moreover, BBN-induced carcinomas in renal pelvises and ureters were predominantly TCCs and with a low incidence ofSCCs.
These carcinomas in SD/cShi rats histologically resembled those in humans (7, 11, 17). In addition, male SDc/Shi rats had larger numbers of urinary bladder carcinomas than female SDc;'Shi rats, whereas male SD/ gShi rats showed similar smaller numbers of urinary bladder carcinomas as did female SDg/Shi rats. SD/gShi male rats showed hypospermatogenesis. Castration decreased the incidence of urinary bladder carcinogenesis in male C57BL/6 mice given BBN (4). Testosterone propionate enhanced BBN-induced urinary bladder carcinogenesis in rats, whereas estriol did not (20). There may, therefore, be a relationship between a low concentration of androgens and a low incidence of urinary bladder carcinomas induced by BBN in male SDg/Shi rats having spontaneous hypospermatogenesis. The present results suggest that androgens may enhance renal pelvic and ureteral carcinogenesis in SD/cShi rats and that sex differences in urinary tract carcinogenesis in humans may result from this hormonal status.
The third interesting finding in the present work was that the order of susceptibility to BBN-induced urinary bladder carcinogenesis in male rats was F-344 > Crj:CD > SD/cShi > Lewis > SD/gShi strains. The trend between F-344 and Lewis strains was consistent with previously reported investigations (23). Several studies also have indicated that rat strains strongly influence urinary bladder carcinogenesis by BBN (14, 29).
Diagnosis of renal pelvic and ureteral carcinomas at an early stage is difficult because of their anatomical positions, and their prognoses are generally poorer than that of urinary bladder carcinomas (7, 11, 12, 17, 21). Moreover, experimental investigation on the biological characteristics of renal pelvic and ureteral carcinomas is considerably less than for urinary bladder carcinomas (14, 15). To address these deficiencies, it would be quite beneficial to clinicians and basic medical investigators to have suitable experimental animal models established for studying renal pelvic and ureteral carcinomas. SD/ cShi male rats given 2% phenacetin alone for 85 wk resulted in a high incidence of renal pelvic carcinomas (27). Previously, our report (27) showed that phenacetin had a carcinogenic effect on kidneys of B6C3Fi mice (28) and on the nasal cavity and urinary bladder of SD rats (13, 18), but not on renal pelvises and ureters. Therefore, the present animal model may be useful to investigate the biological mechanism, histogenesis, or influencing factors of renal pelvic carcinomas.
